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FIG. 4

101

DATA/PARAMETER INPUT UNIT

102 ‘

DECISION TREE CREATION UNIT

103 |

DECISION TREE STORAGE UNIT |

104

TREE VIEW-FORMATTED
SCATTER PLOT CREATING UNIT

105

IMAGE OUTPUT UNIT
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FIG. 5

S101

INPUT DATA AND PARAMETERS

S102

CREATE DECISION TREE BASED ON DATA
AND DECISION TREE PARAMETERS

S103

CREATE TREE VIEW-FORMATTED
SCATTER PLOTS BASED ON DATA,

DECISION TREE, AND SCATTER PLOT
PARAMETERS

S104
OUTPUT TREE VIEW-FORMATTED
SCATTER PLOTS
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FIG. 6

11

EVALUATION INDEX
CALCULATION UNIT

12

PROCESSING UNIT

VISUALIZATION
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VISUALIZATION DEVICE, VISUALIZATION
METHOD AND VISUALIZATION PROGRAM

This application 1s a National Stage Entry of PCT/JP2013/
007078 filed on Dec. 3, 2013, which claims priority from
Japanese Patent Application 2012-272413 filed on Dec. 13,

2012, the contents of all of which are incorporated herein by
reference, 1n their entirety.

TECHNICAL FIELD

The present invention relates to a visualization device, a
visualization method, and a visualization program, which
make a data structure, especially an overview of data dis-
tribution, graspable to examine preprocessing and an ana-
lytical method to be applied 1n performing data analysis on
high-dimensional data.

BACKGROUND ART

A data visualization technique 1s a technique essential for
advancing work ethiciently in data analysis work. With the
development of sensing technology and information man-
agement technology, the necessity has increased in recent
years where data have become enormous and complicated.

The following scenes are considered as typical scenes of
application of the data visualization technique in the area of
data analysis: (1) A scene where a data structure 1s over-
viewed as a stage prior to analysis, (2) a scene where
learning results are interpreted when the data structure is
learned as a model by a machine learning technique or the
like, and (3) a scene where prediction results are considered
when a prediction 1s made using the learned model.

In the scene (1), there 1s a method as typical visualization
means used to overview the data structure, where after
high-dimensional data are compressed into lower dimen-
sions using a multivariate analysis technique such as prin-
cipal component analysis or multidimensional scaling, the
compressed data are displayed on a two-dimensional scatter
plots. There 1s also a visualization technique, called Scatter
Plot Matrix (hereinafter referred to as SPM), for arranging,
in a matrix form, two-dimensional scatter plots for all
combinations of two-dimensional data obtained from the
original high-dimensional data. Further, there 1s a visualiza-
tion technique, called Parallel Coordinate Plot (hereimnafter
referred to as PCP or parallel coordinate plot), for arranging,
axes corresponding to respective dimensions longitudinally
in parallel with one another, plotting observed values so that
the minimum value will appear at the lower end and the
maximum value will appear at the upper end in all the
dimensions, and connecting observed values on adjacent
axes with line segments.

The principal component analysis and the multidimen-
sional scaling are useful to visualize information indicative
of scattering of data points in a multidimensional space
while storing the information as much as possible. Further,
the SPM and the PCP are useful to visualize a relationship
between specific minor dimensions existing in high dimen-
sional space by one diagram as a whole.

Patent Literature (PTL) 1 describes a method of classi-
tying learning data with continuous-valued attributes using
a decision tree based on the data distribution feature to make
a decision of or change 1n a model structure easy. In the
method described 1n PTL 1, each node in a generated
decision tree 1s displayed as a scatter plot of an objective
function as a data group concerning certain one attribute and
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2

an explanatory function as a data group concerning the
multiple remaining attributes to make the data distribution
feature understandable.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 2004-
157814

SUMMARY OF INVENTION

Technical Problem

In the principal component analysis, for example, there 1s
a problem that 1t 1s diflicult to 1nterpret a visualized content
depending on the data even 1n a relatively low dimension.
Further, 1n the multidimensional scaling, for example, there
1s a problem that the plot itself becomes complicated as the
number of data and the number of dimensions increase.
Thus, these visualization techniques are not necessarily
versatile.

Further, 1n the method described in PTL 1, attributes
displayed as scatter plots are fixed to objective variables and
certain one explanatory variable. Therefore, an attribute to
be displayed cannot be set for each node. As a result, for
example, when data structures existing in high-dimensional
data are to be analyzed, the data structures capable of being
overviewed by a user (analyst) are limited to some of the
data structures.

Therefore, it 1s an object of the present mvention to
provide a visualization device, a visualization method, and
a visualization program, capable of overviewing more data
structures as characteristic data structures existing in high-
dimensional data to be analyzed when a user analyzes the
high-dimensional data.

Solution to Problem

A visualization device according to the present invention
includes: an evaluation index calculation unit which calcu-
lates the value of an evaluation index representing a feature
degree for each of combinations of a first attribute group and
a second attribute group in terms of data on the second
attribute group including one or more attributes and condi-
tioned with the first attribute group including one or more
attributes among high-dimensional data to be visualized; and
a visualization processing unit which generates image infor-
mation for presenting combinations of the first attribute
group and the second attribute group, which are determined
to have large evaluation index values based on a predeter-
mined criterion.

Specifically, the visualization device according to the
present mvention narrows down data having characteristic
structures 1n the high-dimensional data before performing
visualization processing. Here, 1t 1s assumed that data are
given 1n a matrix form of [samplexattribute]. Herematfter,
the attribute 1s synonymous with the dimension. Next, the
visualization device applies visualization processing itself to
the data narrowed down. As the method of narrowing down
data having characteristic structures, consider paying atten-
tion to data on some attributes (second attribute group)
conditioned with other some attributes (first attribute group).
Here, the presence of multiple combinations of the first
attribute group and the second attribute group 1s assumed.
Therefore, 1t 1s desired to be able to extract as many



US 10,013,469 B2

3

combinations as possible from the standpoint of visualiza-
tion to enable the analyst to overview as many data struc-
tures as possible. As the method of enabling the analyst to
overview as many data structures as possible, for example,
there 1s a method of defining some sort of evaluation index
representing the feature degree of a data structure, calculat-
ing a value of the evaluation index for each combination of
the first attribute group and the second attribute group, and
applying an appropriate visualization technique to a com-
bination of the first attribute group and the second attribute
group having a particularly large value. Here, as the evalu-
ation index, for example, a correlation coeflicient or a
quantity such as degree-of-separation/mutual information
when class information 1s given 1s considered. The class
information 1s an attribute representing a quantity to be
predicted in data analysis. For example, for marketing in
CRM (Customer Relationship Management), an attribute
representing the purchase behavior of customers corre-
sponds to the class imnformation. Specifically, the degree of
separation 1s the accuracy rate of class classification. When
multiple combinations of attribute groups large 1n evaluation
index exist, the visualization device provides an interface to
enable the analyst to overview all the combinations as much
as possible at a time. As an example of the method for
enabling overviewing of all the combinations of attribute
groups at a time, there 1s a method of arranging graphs 1n a
tree view format to be described later.

A visualization method according to the present invention
includes: calculating the value of an evaluation index rep-
resenting a feature degree for each of combinations of a first
attribute group and a second attribute group 1n terms of data
on the second attribute group including one or more attri-
butes and conditioned with the first attribute group including
one or more attributes among high-dimensional data to be
visualized; and generating image information for presenting
combinations of the first attribute group and the second
attribute group, which are determined to have large evalu-
ation index values based on a predetermined criterion.

A visualization program according to the present mven-
tion causes a computer to execute: a process of calculating,
the value of an evaluation index representing a feature
degree for each of combinations of a first attribute group and
a second attribute group in terms of data on the second
attribute group mcluding one or more attributes and condi-
tioned with the first attribute group including one or more
attributes among high-dimensional data to be visualized; and
a process ol generating image information for presenting
combinations of the first attribute group and the second
attribute group, which are determined to have large evalu-
ation index values based on a predetermined criterion.

"y

ect of Invention

Advantageous E

According to the present invention, when analyzing high-
dimensional data, a user can overview more data structures
as characteristic data structures existing in high-dimensional
data to be analyzed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 It depicts an explanatory diagram depicting an
example of the results of visualizing five-dimensional data
using SPM.

FIG. 2 It depicts an explanatory diagram depicting an
example of a decision tree created based on the five-
dimensional data depicted 1n FIG. 1.
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FIG. 3 It depicts an explanatory diagram depicting an
example of the output results of a visualization device for the

five-dimensional data depicted in FIG. 1.

FIG. 4 It depicts a block diagram depicting the configu-
ration of a first exemplary embodiment of a visualization
device according to the present invention.

FIG. § It depicts a tlowchart depicting the operation of the
first exemplary embodiment of the wvisualization device
according to the present invention.

FIG. 6 It depicts a block diagram depicting a minimum
configuration of a visualization device according to the
present 1nvention.

DESCRIPTION OF EMBODIMENTS

Exemplary Embodiment 1

A first exemplary embodiment of the present immvention
will be described below with reference to the accompanying
drawings.

FIG. 1 1s an explanatory diagram depicting an example of
the results of visualizing five-dimensional data using SPM.
Here, a problem of classitying “0” indicative of one sample
and “x” mdicative of the other sample for the five-dimen-
sional data using SPM depicted in FIG. 1 1s considered.
When class information 1s purchase behavior, the sample
represents each individual customer. In FIG. 1, scatter plots
for any two-dimensional combinations 1n five dimensions
are depicted.

An analyst can overview a distribution of data in any
two-dimensional space through the scatter plots depicted in
FIG. 1. For example, the analyst can read from FIG. 1 that
“0” 1s concentratedly distributed as relatively large values
and “x” 1s concentratedly distributed as relatively small
values 1n a first dimension (attribute V1). However, it 1s
difficult to read, form the scatter plots depicted in FIG. 1,
further information regarding classification information on
“0” and “x” at a time.

In the exemplary embodiment, a decision tree 1s used as
a method of narrowing down data. Further, since the clas-
sification problem 1s considered here, a degree of separation
between “0” and “x” as an index representing a feature
degree 1s considered.

FIG. 2 1s an explanatory diagram depicting an example of
the decision tree created based on the five-dimensional data
depicted in FIG. 1. The inequalities 1n the decision tree
depicted 1n FIG. 2 represent branch conditions, and the
numbers of leaves represent “the number of o pieces™ or “the
number of X pieces.”

In the exemplary embodiment, a visualization device
extracts a dimension 1n which “0” and “x”” are separated best
as a node closest to the root of the tree, 1.e., as a node closest
to the upper part of FIG. 2 in creating the decision tree.
Therefore, for example, it can be read from the decision tree
depicted in FIG. 2 that the attribute V1 best separates “0”
and “x” like the scatter plots depicted in FIG. 1. It can also

be read that attribute V2 best separates “0” and “x” 1

X 1n terms
of data with values of attribute V1 being 0.02335 or more.
Further, 1t can be read that attribute V3 best separates “o”
and “x” 1 terms of data with values of attribute V1 being
less than 0.02335.

Further, 1n the exemplary embodiment, the visualization
device provides an interface as depicted 1n FIG. 3 as output
results to enable these pieces of mformation on the classi-
fication between “0” and “x” to be overviewed at a time.
FIG. 3 1s an explanatory diagram depicting an example of

the output results of the visualization device for the five-
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dimensional data depicted in FIG. 1. In FIG. 3, three scatter
plots are arranged to correspond to the structure of the
decision tree depicted 1n FIG. 2. Each dashed line 1n each
scatter plot depicted in FIG. 3 1s drawn 1n a position
corresponding to the lett side value of the mnequality at each
node depicted 1 FIG. 2.

Scatter plot A depicted in FIG. 3 corresponds to a node
with the branch condition being “0.023335<=V1,” a node
with “-1.227<=V2,” and a node with *“-0. 2746<—V3”
depicted 1n FIG. 2.

Scatter plot B depicted 1n FIG. 3 corresponds to a node
with the branch condition being “-0.2746<=V3,” a node
with “0.1117<=V35.,” and a node with “-3.464<=V4”
depicted in FIG. 2. In other words, scatter plot B represents
data regarding attribute V3, attribute V5, and attribute V4,
limited to samples small in the values of attribute V1, 1.e.,
conditioned by attribute V1. In the case of scatter plot B,
attribute V1 corresponds to a first attribute group, and
attribute V3, attribute V3, and attribute V4 correspond to a
second attribute group.

Scatter plot C depicted 1n FIG. 3 corresponds to a node
with the branch condition being “-1.227<=V2,” a node with
“~1.098<=V4,” and a node with “1.868<=V5” depicted 1n
FIG. 2. In other words, scatter plot C represents data
regarding attribute V2, attribute V4, and attribute V5, lim-
ited to samples large in the values of attribute V1, 1.e.,
conditioned by attribute V1. In the case of scatter plot C,
attribute V1 corresponds to the first attribute group, and
attribute V2, attribute V4, and attribute V5 correspond to the
second attribute group.

Although three scatter plots are contained 1n FIG. 3, any
number of scatter plots may be contained in the output
results. For example, the number of scatter plots may be
changed according to the depth of the tree, or only scatter
plots corresponding to nodes separating “o0” and “x” well,
1.€., nodes having particularly large evaluatlon 111dex values
may be contained in the output results. Note that the
determination as to whether a node separates “0” and “x”
well may be made, for example, by determining Whether the
evaluation index value 1s larger than a predetermined crite-
rion.

From scatter plot A depicted in FIG. 3, when data are
narrowed down to samples taking on large values in terms
of attribute V1, the analyst can read that “0” 1

1s distributed as
relatively large values and “x” 1s dlstrlbuted as relatively
small values 1n terms of attrlbute V2 disproportionately. On
the other hand, when data are narrowed down to samples
taking on small values 1n terms of attribute V1, the analyst
can read that “0” 1s distributed as relatively large values and
“X” 18 dlstrlbuted as relatively small values 1n terms of
attribute V3 disproportionately.

Similarly, from scatter plot B, when data are narrowed
down to samples taking on small values in terms of attribute
V1 and further large values 1n terms of attribute V3, the
analyst can read that “o0” and “x” are relatively separated 1n
terms of attribute V5.

Similarly, from scatter plot C, when data are narrowed
down to samples taking on large values 1n terms of attribute
V1 and further large values 1n terms of attribute V2, the
analyst can read that “x” 1s concentratedly distributed as
small values 1n terms of attribute V4 compared with “o

Information on the above data structure that can be read
from each scatter plot depicted in FIG. 3 cannot be found by
the typical visualization means mentioned above. Further,
the results depicted 1n FIG. 3 can be combined with the
background knowledge of the analyst regarding data to

enable the analyst to develop an analysis policy, such as to

10

15

20

25

30

35

40

45

50

55

60

65

6

exclude some data from the analysis or apply another
analytical method to some data.

FIG. 4 1s a block diagram depicting the configuration of
the first exemplary embodiment of the visualization device
according to the present ivention.

As depicted 1n FIG. 4, the visualization device includes a
data/parameter mput unit 101, a decision tree creation unit
102, a decision tree storage unit 103, a tree view-formatted
scatter plot creating unit 104, and an 1mage output unit 105.

The data/parameter input unit 101 takes mput of high-
dimensional data to be visualized, decision tree parameters,
and scatter plot parameters from the outside of the device.
The decision tree parameters are parameters necessary to
create a decision tree. The scatter plot parameters are
parameters necessary to output an image. As the decision
tree parameters, for example, the data/parameter mnput unit
101 takes 1mput of an index for evaluating a good division,
an algorithm for creating the decision tree, the minimum size
of data on the depth of the tree or belonging to leaves, and
the like. The data/parameter input unit 101 outputs the input
data and parameters to the decision tree creation unit 102
and the tree view-formatted scatter plot creating unit 104.

The decision tree creation unit 102 takes input of data to
be visualized and the decision tree parameters from the
data/parameter mput unit 101. The decision tree creation
umt 102 creates the decision tree for the input data as
depicted 1n FIG. 2 according to information on the input
decision tree parameters. The numerical values such as
“0.02335,” “-1.227,” and the like 1n the 1inequalities
depicted 1n FIG. 2 are an example of numerical values
calculated by the decision tree creation umt 102. The deci-
sion tree creation unit 102 outputs information on the
created decision tree to the decision tree storage unit 103.

The decision tree storage unit 103 stores the information
on the decision tree input from the decision tree creation unit
102.

The tree view-formatted scatter plot creating unit 104
takes mput of data to be visualized and the scatter plot
parameters from the data/parameter input unit 101. The tree
view-formatted scatter plot creating unit 104 further
acquires the information on the decision tree from the
decision tree storage unit 103. Based on the scatter plot
parameters and the information on the decision tree, the tree
view-formatted scatter plot creating unit 104 creates scatter
plots on data to be visualized as depicted in FIG. 1 and
arranged 1n a tree view format as depicted 1n FIG. 3. The tree
view-Tormatted scatter plot creating unit 104 outputs image
information including the created scatter plots to the image
output unit 105. Here, for example, the scatter plot param-
cters are parameters that specily the colors or shapes of
samples, the presence or absence of the label or scale of each
axis, the presence or absence of the indications of dashed
lines, and the like 1n the scatter plots depicted in FIG. 3.

The 1mage output unit 105 1s, for example, a display
device or a printer. The 1image output unit 105 outputs the
image information including the tree view-formatted scatter
plots input from the tree view-formatted scatter plot creating
unit 104.

The data/parameter mput unit 101, the decision tree
creation unit 102, and the tree view-formatted scatter plot
creating unit 104 are, for example, implemented by a
computer operating according to a visualization program. In
this case, a CPU has only to read the visualization program
and operate as the data/parameter mput umt 101, the deci-
sion tree creation unit 102, and the tree view-formatted
scatter plot creating unit 104 according to the program. Each
of the data/parameter mput umit 101, the decision tree
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creation unit 102, and the tree view-formatted scatter plot
creating unit 104 may also be realized by separate hardware.
The decision tree storage unit 103 1s realized by a storage
device such as a memory provided in the wvisualization
device. d

Next, the operation of the exemplary embodiment will be

described.

FIG. 5 15 a flowchart depicting the operation of the first
exemplary embodiment of the visualization device accord-
ing to the present invention.

The data/parameter mput unit 101 takes mput of high-
dimensional data to be visualized, decision tree parameters,
and scatter plot parameters (step S101). For example, the
data and the parameters are entered by the analyst 1into the
data/parameter input unit 101. The data/parameter mnput unit
101 outputs the high-dimensional data to be visualized and
the decision tree parameters to the decision tree creation unit
102. The data/parameter mput unit 101 outputs the high-
dimensional data to be visualized and the scatter plot param- »g
cters to the tree view-formatted scatter plot creating unit
104.

Next, the decision tree creation unit 102 creates a decision
tree according to the data to be visualized and information
on the decision tree parameters mput from the data/param- 25
eter input unit 101, and stores information on the created
decision tree in the decision tree storage unit 103 (step
S102).

Based on the data to be visualized and the scatter plot
parameters input from the data/parameter input unit 101, and 30
the information on the decision tree stored in the decision
tree storage unit 103, the tree view-formatted scatter plot
creating unit 104 creates scatter plots as depicted in FIG. 3,
1.€., scatter plots arranged 1n a tree view format (step S103).
The tree view-formatted scatter plot creating unit 104 out- 35
puts image information including the created scatter plots to
the 1mage output unit 103.

The 1mage output unit 1035 outputs the 1image information
including the tree view-formatted scatter plots (step S104).

As described above, 1n the exemplary embodiment, data 40
having characteristic structures in the high-dimensional data
are narrowed down before the visualization processing itself
1s performed. Further, in the exemplary embodiment, the
tree view-formatted scatter plots created based on the infor-
mation on the decision tree used to narrow down the data are 45
output so that more characteristic data structures existing 1n
the high-dimensional data can be overviewed at a time.
Therefore, when analyzing the high-dimensional data, the
analyst can grasp multiple characteristic data structures
existing in the data. This enables the analyst to develop a 50
policy as to what preprocessing and analytical method are to
be applied.

Further, since the exemplary embodiment focuses on the
extraction of conditioned data structures, samples having
characteristic data structures can be extracted beforchand as 55
preprocessing in analyzing the high-dimensional data and
analyzed separately. In addition, 1t 1s possible to provide
information used to decide on the number of mixtures and a
model 1 each component when a multipeak model like a
contaminated normal distribution as analysis means 15 60
applied to data.

In the exemplary embodiment, the case where the visu-
alization device includes the 1image output unit 1s described,
but the 1mage output unit may not be included in the
visualization device. In this case, the tree view-formatted 65
scatter plot creating unit 104 has only to output image
information to an external display, printer, or the like com-
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municable with the visualization device. According to such
a confliguration, the configuration of the visualization device
can be more simplified.

Further, 1n the exemplary embodiment, the case where the
degree of separation 1s used as the evaluation index repre-
senting the feature degree 1s described, but a correlation
coellicient may be used. Further, when class information on
the data to be visualized i1s given, entropy may be used as the
evaluation index representing the feature degree.

Further, in the exemplary embodiment, the case where the
scatter plots are arranged 1n a tree view format and displayed
1s described, but the PCP may be arranged in a tree view
format and displayed. Further, in the exemplary embodi-
ment, the case where the decision tree creation unit 102 uses
a binary tree to create the decision tree 1s described, but the
decision tree creation unit 102 may use a multi-branch tree
other than the binary tree to create the decision tree. In this
case, the tree view-formatted scatter plot creating unit 104
has only to create tree view-formatted scatter plots accord-
ing to the structure of the decision tree.

The present mnvention 1s applicable to general scenes for
discovery of knowledge from high-dimensional data. For
example, when a reason for the failure of an industrial
product such as a car or a home electrical appliance 1s
identified using machine learning technology from informa-
tion on the values of many sensors incorporated in the
industrial product, the visualization device according to the
present invention can be used. In this case, it can be
preliminarily overviewed whether there 1s a characteristic
structure between data on the kind of specific reason for a
fallure and data on the kind of sensor at the stage of
examining the analytical method. As another example, when
a relationship between personal information on customers
and purchase behavior 1s examined for marketing in CRM,
the visualization device according to the present invention
can also be used 1n the same way.

FIG. 6 1s a block diagram depicting a minimum configu-
ration ol a visualization device according to the present
invention. As depicted in FIG. 6, the visualization device
includes: an evaluation index calculation umit 11 (corre-
sponding to the decision tree creation unit 102 depicted 1n
FIG. 4) which calculates the value of an evaluation index
representing a feature degree for each of combinations of a
first attribute group and a second attribute group 1n terms of
data on the second attribute group including one or more
attributes and conditioned with the first attribute group
including one or more attributes among high-dimensional
data to be visualized; and a visualization processing unit 12
(corresponding to the tree view-formatted scatter plot cre-
ating unit 104 depicted in FIG. 4) which generates image
information for presenting combinations of the first attribute
group and the second attribute group, which are determined
to have large evaluation index values based on a predeter-
mined criterion.

According to this configuration, information on combi-
nations of attribute groups having particularly large evalu-
ation 1ndex values can be presented to a user. Therelore,
when high-dimensional data are to be analyzed, the analyst
can grasp multiple characteristic data structures existing 1n
the data. This enables the analyst to develop a policy as to
what preprocessing and analytical method are to be applied.

The following visualization devices are also disclosed 1n
the aforementioned exemplary embodiment.

(1) A visualization device wherein the evaluation index
calculation unit 11 uses a binary tree as the criterion for
conditioning the second attribute group with the first attri-
bute group.
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According to this configuration, an interface including
tree view-formatted scatter plots as depicted in FIG. 3 can be
presented to the analyst.

(2) A visualization device wherein the evaluation index
calculation unit 11 uses a multi-branch tree as the criterion
for conditioning the second attribute group with the first
attribute group.

According to this configuration, tree view-formatted scat-
ter plots on high-dimensional data can be created based on
information on a multi-branch tree created based on the
high-dimensional data. This can deal with more complicated
conditioning 1n creating a decision tree.

(3) A visualization device wherein the evaluation index
calculation unit 11 uses a correlation coeilicient as the
evaluation 1ndex representing the feature degree.

(4) A visualization device wherein when class information
on data to be visualized 1s given, the evaluation index
calculation unit 11 uses an accuracy rate of class classifica-
tion as the evaluation index representing the feature degree.

(5) A visualization device wherein when class information
on data to be visualized 1s given, the evaluation index
calculation unit 11 uses entropy as the evaluation index
representing the feature degree.

According to such configurations, since the evaluation
index representing the feature degree of a data structure can
be expressed as a numerical value, a comparison of evalu-
ation i1ndexes for each of the combinations of the first
attribute group and the second attribute group can be made
more accurately.

(6) A visualization device wherein the visualization pro-
cessing unit 12 outputs 1mage information in which two-
dimensional scatter plots corresponding to combinations of
the first attribute group and the second attribute group,
which are determined to have large evaluation index values,
are arranged 1n a tree view format.

(7) A visualization device wherein the visualization pro-
cessing unit 12 outputs 1mage information 1n which parallel
coordinate plots corresponding to combinations of the first
attribute group and the second attribute group, which are
determined to have large evaluation index wvalues, are
arranged 1n a tree view format.

According to such configurations, the analyst can over-
view more characteristic data structures existing in the
high-dimensional data to be visualized at a time. Further,
since a combination of attribute groups having a larger
evaluation index value 1s displayed 1n a position closer to the
upper part of the tree view, the analyst can readily interpret
the visualized content. In addition, since only scatter plots
corresponding to combinations of attribute groups having
particularly large evaluation index values can be presented
to the user, even when the number of data and number of
dimensions of high-dimensional data to be wvisualized
become large, the plots themselves do not become compli-
cated.

While the present invention has been described with
reference to the exemplary embodiment and examples, the
present mnvention 1s not limited to the atforementioned exem-
plary embodiment and examples. Various changes that can
be understood by those skilled in the art within the scope of
the present invention can be made to the configurations and
details of the present invention.

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2012-272413,
filed on Dec. 13, 2012, the disclosure of which 1s mcorpo-

rated herein 1n 1ts entirety by reference.
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101 data/parameter 1nput unit
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104 tree view-formatted scatter plot creating unit
105 1mage output unit

What 1s claimed 1s:

1. A visualization device comprising:

an evaluation index calculation unit which 1s implemented
by a processor and which calculates a value of an
evaluation index representing a feature degree for each
of combinations of a first attribute group and a second
attribute group in terms of data on the second attribute
group including one or more attributes and conditioned
with the first attribute group including one or more
attributes among high-dimensional data to be visual-
1zed;

a visualization processing unit which i1s implemented by
the processor and which generates 1mage mformation
for presenting combinations of the first attribute group
and the second attribute group, which are determined to
have large evaluation index values based on a prede-
termined criterion; and

an output device which depicts the high-dimensional data
using the image information generated by the visual-
1zation processing unit.

2. The visualization device according to claim 1, wherein
the evaluation index calculation unit uses a binary tree as the
criterion for conditioning the second attribute group with the
first attribute group.

3. The visualization device according to claim 1, wherein
the evaluation mndex calculation unit uses a multi-branch tree
as the criterion for conditioning the second attribute group
with the first attribute group.

4. The visualization device according to claim 1, wherein
the evaluation index calculation unit uses a correlation
coellicient as the evaluation index representing the feature
degree.

5. The visualization device according to claim 1, wherein
when class information on data to be visualized 1s given, the
evaluation index calculation unit uses an accuracy rate of
class classification as the evaluation index representing the
feature degree.

6. The visualization device according to claim 1, wherein
when class information on data to be visualized 1s given, the
evaluation 1index calculation unmit uses entropy as the evalu-
ation index representing the feature degree.

7. The visualization device according to claim 1, wherein
the visualization processing unit outputs 1mage information
in which two-dimensional scatter plots corresponding to
combinations of the first attribute group and the second
attribute group, which are determined to have large evalu-
ation index values, are arranged 1n a tree view format.

8. The visualization device according to claim 1, wherein
the visualization processing unit outputs image mnformation
in which parallel coordate plots corresponding to combi-
nations of the first attribute group and the second attribute
group, which are determined to have large evaluation index
values, are arranged 1n a tree view format.

9. A visualization method comprising:

calculating a value of an evaluation index representing a
feature degree for each of combinations of a first
attribute group and a second attribute group 1n terms of
data on the second attribute group including one or
more attributes and conditioned with the first attribute
group including one or more attributes among high-
dimensional data to be visualized;
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generating 1mage information for presenting combina-
tions of the first attribute group and the second attribute
group, which are determined to have large evaluation
index values based on a predetermined criterion; and

depicting, by an output device, the high-dimensional data 5

using the generated image information.

10. A non-transitory computer readable information
recording medium storing a visualization program, when
executed by a processor, that performs a method for calcu-
lating a value of an evaluation imdex representing a feature 10
degree for each of combinations of a first attribute group and
a second attribute group in terms of data on the second
attribute group including one or more attributes and condi-
tioned with the first attribute group including one or more
attributes among high-dimensional data to be visualized; 15

generating 1mage information for presenting combina-

tions of the first attribute group and the second attribute
group, which are determined to have large evaluation
index values based on a predetermined criterion; and

depicting, by an output device, the high-dimensional data 20

using the image information.
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